Ischemic stroke (IS), the leading neurology cause of death and disability worldwide, is influenced by gene polymorphisms. To explore the association between IS and Apolipoprotein E (APOE) gene polymorphisms, a case-control study containing 513 IS patients and 514 controls without IS was conducted in a Northwest China Han population. MassARRAY iPLEX system was applied to determine the APOE polymorphisms according to the alleles of two single nucleotide polymorphisms (SNPs) of APOE, rs429358, and rs7412. The results showed that rs429358 and rs7412 were in Hardy-Weinberg equilibrium (HWE) in both cases and controls groups. APOE ε4 allele, ε4/ε4 genotype, and ε4-containing genotypes were associated with IS. According to the results of Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification system, APOE ε2 allele, ε4 allele, and ε4/ε4 genotype were associated with large artery atherosclerosis IS subtypes. In addition, the results also indicated that the ε4 allele related to undetermined IS and ε4/ε4 genotype was related to small vessel disease IS. Compared with subjects with non-ε4-containing genotypes, the total cholesterol (TC) and low-density lipoprotein (LDL) level in blood and the proportion of cardiopath history were higher in all subjects with ε4-containing genotypes. Besides, the triacylglycerides (TG) level in blood was higher in controls with ε4-containing genotypes. In conclusion, in a Northwest China Han population, APOE ε4 allele was associated with blood lipid level. The TC and LDL levels were the independent risk factors for IS. APOE was a risk gene for IS, but not independent, especially for large artery atherosclerosis IS.
Introduction
Stroke is the leading neurology cause of death and disability worldwide [1] . In China, the annual mortality rate of stroke is approximately 157 per 100 000, which has accounted almost 20% of all death. China has 2.5 million new stroke cases and 7.5 million stroke survivors in each year [2] . According to the research conducted by China National Stroke Registry, ischemic stroke (IS) was a predominant stroke subtype in China, which accounted for 66.7% [3] . As a complex heterogeneous disease of multiple etiologies and major clinical manifestations, IS not only associated with kinds of traditional risk factors but also influenced by the gene polymorphisms [4] . Therefore, many candidate genes which may be related to IS, for example Apolipoprotein E (APOE), methylenetetrahydrofolate reductase (MTHFR), histone deacetylase 9 (HDAC9), human leukocyte antigen (HLA) and so on, have been studied by researchers [5] [6] [7] [8] .
APOE gene locates on 19q13.2 and encodes an important protein which has vital functions in lipid metabolism. The APOE gene has three alleles (ε2, ε3, and ε4) that encode three isoforms (E2, E3, and E4) protein. The three alleles of APOE gene form six genotypes (ε2/ε2, ε2/ε3, ε2/ε4, ε3/ε3, ε3/ε4, and ε4/ε4), of which, the ε3/ε3 is the most common genotype in China. The three isoforms of APOE protein have one amino acid difference at positions 112 and 158, and have variance of protein function and affinity to lipid and receptors [9] . Compared with ε3, ε4 allele was associated with increased risk for a variety of pathologies, for instance, neurological conditions, cerebrovascular diseases, Alzheimer's disease [10] , IS [11] , and atherosclerosis [12] . ε2 allele was reported as a protective factor with a lower risk for dementia [13] , and it was also associated with longevity [14, 15] . However, studies on the association of APOE and IS have produced conflicting results [16] [17] [18] , which may be caused by the differences of the methodology used and the populations included.
A stroke belt was found in Northwest China with the high stroke incidence [19] . Many researchers focused on the study of risk genes for IS, but the results are still not sufficient in this area. Therefore, we performed a case-control study in a Northwest China Han population to investigate the association between IS and APOE gene polymorphisms.
Materials and methods

Subject recruitment
This case-control study recruited 1030 subjects from January, 2011 to December, 2013 in the second hospital of Lanzhou University. The subjects of cases and controls group were enrolled from the department of neurology and physical examination center respectively, both of the two groups included 515 subjects. The 515 subjects in cases group were diagnosed as IS by two senior neurologists according to the criteria of the Chinese Medical Association in 1995 and the criteria amended in the fourth National Cerebrovascular Disease conference, with confirmation on clinical symptoms or signs, laboratory results, and computerized tomography scan (CTS) or magnetic resonance imaging (MRI). The subjects who underwent physical examination from January, 2011 to December, 2013 in The Second Hospital of Lanzhou University and did not have cerebrovascular diseases and other serious neurological diseases were included in the control group. The subjects in control group without IS were performed medical history material collection, physical examination, and head imaging examination (CTs or MRI) to determine the cerebrovascular diseases and other severe neurological diseases. In addition, the patients with severe liver and kidney diseases were also excluded from the participants in the present study. In genotyping process of APOE, three DNA samples were not detected successfully, so we excluded them from the following analysis, including two IS patients and one control participant. The average age of cases group (294 males and 219 females) and control group (288 males and 226 females) were 62.26 + − 12.16 and 61.66 + − 13.49 respectively.
Participants completed a series of clinic examinations which included a medical history interview, physical examination, and auxiliary tests. Some risk factors for IS were recorded, including hypertension (a systolic blood pressure ≥140 mmHg or a diastolic blood pressure ≥90 mmHg, and/or patients were receiving antihypertensive treatment), diabetes (fasting serum glucose (GLU) ≥7.0 mmol/l or the use of either insulin or oral hypoglycemic medications), dyslipidemia (fasting serum total cholesterol (TC) ≥5.80 mmol/l, triacylglycerides (TG) ≥1.80 mmol/l, high-density lipoprotein (HDL) ≤0.70 mmol/l, low-density lipoprotein (LDL) ≥3.30 mmol/l), and cardiopath (arrhythmia and coronary artery disease). IS sorting was performed according to the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) classification system [20] . All subjects were Han Chinese, and came from Gansu province in the Northwest of China. There was no kinship among the controls or stroke patients. Informed consent was obtained from all subjects before study. The protocol of the present study was approved by the Ethics Committee of The Second Hospital of Lanzhou University (lzdxyxy20140310).
Sample size calculation
The prevalence for the ε4 allele in cases and controls was 0.125 and 0.071 respectively [21] . Assuming 90% power and two-sided 5% α, we obtained the minimum sample size 404 in each group. In our study, 515 cases and 515 controls were included, which could meet the minimum sample size requirement.
Blood sample and DNA extraction
After an overnight fast, venous blood was collected from each subject in cases and controls groups and placed into the vacuum tube coated with EDTA2K. By using TIANamp Blood DNA Kit (DP318) (Tiangen Biotech, Beijing, China), DNA was extracted from blood samples of subjects. The concentration and OD ratio was tested by NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, U.S.A.) for quality inspection of DNA.
Genotyping
According to the alleles of two single nucleotide polymorphisms of APOE, rs429358, and rs7412, the APOE genotyping was performed by the MassARRAY iPLEX system (Sequenom, Inc., San Diego, CA, U.S.A.) After an overnight fast, venous blood was collected from each subject in cases and controls groups and placed into the vacuum tube Table 1 ). In order to control quality, two repetitions and two blank samples were set in each 96-well plate as polymerase chain reaction-negative controls. In genotyping process of APOE, three DNA samples were not detected successfully. Missed detection rate for all 1030 DNA samples was 0.29%. So, we excluded them from the following analysis, including two IS patients and one control participant.
Statistical analysis
Data analysis was performed using the SPSS software version 19.0 (IBM, Armonk, New York) and the normality test was conducted using Shapiro-Wilk (SW) test before doing the parametric analysis. The Hardy-Weinberg equilibrium (HWE) was assessed by chi-square test. General information and risk factors between cases and controls group were compared with Student's t-test or Pearson's χ 2 test, so as to determine the association between APOE ε4 allele and risk factors of IS. Univariate and multivariate logistic regression was performed to evaluate distribution differences of APOE genotypes and alleles in cases (all IS and subtypes) and controls group after adjusting age, gender, and body mass index (BMI), at the same time the odds ratios (OR) and 95% confidence intervals were calculated to assess the strength of association. All P values were two-tailed, and a value of P<0.05 was considered statistically significant.
Results
The two single nucleotide polymorphisms of APOE, rs429358 and rs7412, were in HWE in both cases and controls groups (P>0.05). The clinical characteristics of cases and controls groups were showed in Table 2 . There were no significant differences on average age, male/female ratio, and average BMI between the cases and controls groups. Blood laboratory tests results showed that IS susceptibility was associated with GLU, TC, TG, HDL, and LDL. Comparing the medical history in two groups of subjects, the proportions of hypertension, diabetes, dyslipidemia, and cardiopath were higher in IS groups (P<0.01). So, the risk factors for IS indicated in the present study are the levels of GLU, TC, TG, HDL, LDL in blood and medical history of hypertension, diabetes, dyslipidemia, and cardiopath. According to the TOAST classification, the proportions for the five subtypes were 23.20%, 5.26%, 47.17%, 1.75%, and 22.61% respectively, refer to large artery atherosclerosis (LAA), cardio-embolic (CE), small vessel disease (SVD), other determined causes, and undetermined IS respectively.
In Northwest China, APOE ε3/ε3 genotype and ε3 allele were predominant in both IS patients and controls, as shown in Table 3 . Therefore, ε3/ε3 genotype and ε3 allele were account as references in the following analysis. The results of the comparison for genotypes and alleles distribution differences between cases and controls showed that ε4/ε4 genotype and ε4 allele were associated with IS in this population (ε4/ε4 vs. ε3/ε3, P=0.045; ε4 vs. ε3, P=0.012).
In consideration of the small number of subjects with ε4/ε4 genotype, those with ε2/ε4, ε3/ε4, and ε4/ε4 genotype were merged into ε4-containing genotype group. Compared with controls, the prevalence of ε4-containing genotypes was significantly higher in cases (P=0.027), as is consistent with above results.
During the further analysis, the results indicated the association between APOE gene polymorphisms and five subtypes of IS ( Table 4) . In LAA subtype, a significant difference was found between cases and controls in the distribution of APOE ε4/ε4 genotypes and ε4 allele. In addition, ε2 allele played a protective role against such type of IS, which was not found in total IS group. In SVD subtype, there was only showed a higher proportion of ε4/ε4 genotype in cases group than controls group but not with ε4 allele. With absence of ε4/ε4 genotype, undermined subtype was correlated with ε4 allele, ε3/ε4 genotype, and ε4-containing genotypes. In other two classes, no association was found between APOE gene polymorphisms and disease susceptibility. In order to further illuminate the underlying mechanisms for APOE and IS association, analysis was performed to explore the association between ε4-containing genotypes and clinical characteristics in subjects ( Table 5) . TC and LDL levels in blood were higher in IS patients with ε4 allele compared with controls. In controls group, besides the TC and LDL levels of blood, it was also showed that TG level in blood was higher in subjects with ε4 allele. After combining cases and controls together, the results showed that the TC and LDL levels in blood were higher in people with ε4 allele. Furthermore, the proportion of subjects with cardiopath history was higher in groups with ε4 allele compared with subjects without ε4 allele. Some clinical information did not relate with APOE gene polymorphisms as shown in the present study, including age, gender, BMI, HDL, and history of hypertension, diabetes, dyslipidemia.
In order to determine whether the clinical variables and ε4-containing genotypes were independent risk factors for IS, a multivariate logistic regression analysis was performed using three models. The results were shown in Table 6 . ε3/ε3 genotype and ε3 allele were account as references in the following analysis. The three models included different independent variables. The six genotypes were included in Model 1, Glu, TC, TG, HDL, LDL, hypertension, and cardiopathy were statistically significant (all P<0.05) while the six genotypes were all non-significant (all P>0.05). In Model 2, we combined all the genotypes with ε4, including ε2/ε4, ε3/ε4, and ε4/ε4, the similar results to Model 1 were obtained. APOE allele was included in Model 3, including ε2, ε3, and ε4. Diabetes and dyslipidemia were also statistically significant like the other biochemical parameters mentioned in the previous two models (all P<0.05), and the three alleles showed no statistical difference (all P>0.05). The results suggested that the APOE gene was an influence factor for IS, but was not an independent influence factor ( Table 6 ).
Discussion
To date, studies of the association between IS and APOE gene polymorphisms have been performed in some cohorts and yielded somewhat inconsistent results. In the present study, we found that APOE gene polymorphisms were associated with IS susceptibility in a Northwest China Han people. It is consistent with a large meta-analysis, which showed that such relation was more distinct in Asia population [10] . However, in a large sample study conducted by ARIC (Atherosclerosis Risk in Communities), involves 15792 men and women, aged 45-64 years, the results showed that APOE was not a risk factor for incident of IS [15] , which is opposite to our conclusion. The differences of age, sample size, and ethnicities in studies may also account for the disagreement. The mean age of our study is 10 years older than that in ARIC study. In LAA and SVD subtypes, genetic factors seem to be more important than other IS subtypes [22, 23] . It was also confirmed in our study on the APOE and IS association. A research showed a clear association of APOE with carotid intima-media thickness [24] . It is possible that APOE influence LAA, for which carotid intima-media thickness is an informative intermediate phenotype. Apart from the relationship between APOE ε4 allele and IS, in LAA, APOE ε2 allele played a protector role against IS. A study found such weak protective effects in black women [16] . Besides, the apparent relation between APOE and undetermined subtype was found in the present study. Considering the lack of precise examination for cerebrovascular disease and two or more subtypes mix, the classification was not accurate enough. From this perspective, the association between APOE and undetermined subtype might be a false appearance for such association with other subtypes. On the other hand, the further studies still need to perform to explore the mechanisms underlying this association.
Traditional risk factors for IS were affected by APOE gene polymorphism indicated in the present study, including TC, TG, and LDL in blood. It was found that TC, TG, and LDL levels of serum were higher in the patients with ε4 allele, which coincides with previous studies [25] [26] [27] . The nexus of blood lipid level and APOE genotypes was found in all subjects. And compared with controls, the levels of blood TC, TG, and LDL were higher in cases group. It can be derived that APOE gene polymorphism takes effect on IS incidence through the influence on plasma lipid. In the present study, the correlation of cardiopath and APOE variants was found in all subjects. The cardiopath history mentioned in the present study included coronary heart disease and arrhythmia. It is confirmed in some meta-analysis that carriers of ε4 allele have increased risk for coronary heart disease in Chinese [28, 29] . And it was showed that the APOE variants result in a 2-fold or greater increased risk for coronary artery disease, myocardial infarction, and ventricular fibrillation [30] . Researches showed that APOE ε4 allele was associated with BMI, hypertension, and diabetes [31] [32] [33] . But the present study did not show such nexuses. A study in a cognitively normal aging Han Chinese population showed that there was no correlation between APOE genotypes and serum levels of GLU [25] , which is consistent with the present study. All in all, the results of analysis for association between APOE ε4 allele and some traditional risk factors of IS showed that plasma lipid level was affected by APOE variants. Given that high levels of blood TC, TG, and LDL were related to IS incidence, the relations of APOE ε4 allele to IS might be attributable, at least in part, to the effect on lipid level. However, other mechanisms underlying APOE and IS association are still undetermined.
The present study has several strengths and weaknesses. One hand, with a relatively large sample subjects who were homogeneous ethnicity and geographic region, complete and accurate information collection, and a high throughput platform for APOE genotyping, our study is creditable and valid. On the other hand, selection bias cannot be protected against thoroughly in such a case-control study. Also, in the present study, the age and gender were not exactly matched in the two groups, which may reduce the effectiveness of study and introduce selection bias, but the age and gender were equally comparable in the two groups (P>0.05). Therefore, further researches are needed to verify the association between APOE and IS in Northwest China. Moreover, the underlying mechanisms are also need to study in depth.
In summary, it appears that APOE gene is a risk factor for IS in a Northwest China Han population included in the present study, especially for some subtypes, LAA, SVD, and undetermined subgroups. Blood lipid level is higher in subjects with ε4 allele. For some limits in our study, replication of study on APOE and IS association will conducive to further elucidate the role of APOE in IS incidence.
